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IUHTXHQF\ZLVHYLDWKH6WURXKDOQXPEHU
%3)
I6U   
ZLWK%3)EHLQJWKHEODGHSDVVLQJIUHTXHQF\>@

7\SLFDOO\ WKH IDQ PRGHO VKRXOG \LHOG WKH IDQ VL]H DQG VKDIW VSHHG UHTXLUHG WR VDWLVI\ WKH V\VWHP
GHPDQGV DFFRUGLQJ WR HT  0RUHRYHU TXDQWLI\LQJ WKH IDQ RSHUDWLQJ SRLQW DORQJ LWV FKDUDFWHULVWLF
FXUYHVWKHVKDIWSRZHUUHTXLUHGKHQFHWKHHQHUJ\FRQVXPSWLRQDQGVRXQGSRZHUHPLWWHGDUHGHVLUDEOH
UHVXOWV %HFDXVH DOO FRPSRQHQW SHUIRUPDQFH FXUYHV DUH QRQOLQHDU WKH VROXWLRQ UHTXLUHV LWHUDWLRQV E\
ILQGLQJDFRPPRQVKDIWVSHHGRIK\GURVWDWLFGULYHDQGIDQZKHUHWRUTXHIURPWKHK\GURVWDWLFGULYHLVLQ
HTXLOLEULXPZLWKWKHIDQWRUTXH7KLVIDQPRGHOVHUYHVDVDPXOWLSK\VLFDOWUDQVPLVVLRQLQWHUIDFHEHWZHHQ
WKHSRZHUWUDLQDQGWKHFRROLQJXQLW

6\VWHPVLPXODWLRQRIWKHYHKLFOH

7KH PRGHO IRU WKH FRPSOHWH YHKLFOHWUDFN V\VWHP LV VKRZQ LQ )LJ  :LWK WKH LQSXW RI DPELHQW
FRQGLWLRQV HT WUDFN WRSRORJ\ FXUYHG WUDFN DPELHQW WHPSHUDWXUH DQG D FKRVHQ FRQWURO VWUDWHJ\ WKH
GULYLQJ SHUIRUPDQFH RI WKH YHKLFOH FDQ EH DQDO\]HG )RU EUHYLW\ WKH VXEPRGHOV DUH QRW JLYHQ KHUH LQ
GHWDLOEXWWKHPRGHOLQJOHYHOLVVLPLODUWRWKHIDQPRGHOGHVFULEHGHDUOLHU)LQDOO\WKHYHKLFOHWUDFNPRGHO
LVFRXSOHGZLWKWKHFRROLQJXQLWPRGHO)LJ
ORJERRN FRQWUROOHU GULYLQJUHVLVWDQFH
YHKLFOH
ERJLH
ILQDOGULYH
WXUER
WUDQVPLVVLRQ
HQJLQHDX[LOLDU\
FLUFXLW
)LJ%ORFNGLDJUDPRIWKHFRPSOHWHYHKLFOHWUDFNPRGHO
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9HKLFOH6LPXODWLRQ &RROLQJ6\VWHP6LPXODWLRQLQFO$FRXVWLF
$GGLWLRQDO6\VWHP3RZHU3XPS3HUIRUPDQFH+\GURVWDWLF6\VWHP
7KHUPDO3RZHU/RVV(QJLQHK\GURG\QDPLF%UDNLQJ
)LJ,QWHUDFWLRQRIWKHFRROLQJXQLWDQGWKHYHKLFOHWUDFNPRGHO
5HVXOWV
*HQHUDO3HUIRUPDQFH3UHGLFWLRQ
$VDQH[DPSOHDVKRUWRSHUDWLRQF\FOHZLWKDFFHOHUDWLRQEUDNLQJFRQVWDQWVSHHGDQGFRDVWLQJSKDVHLV
FKRVHQDVLQSXWLQWRWKHPRGHORIDVWDWHRIWKHDUWV\VWHP)LJDVKRZVWKHDFWXDOYHKLFOHVSHHGYVWLPH
DQGWKHDVVRFLDWHGHQJLQHVSHHGDQGSRZHU,WLVLQWHUHVWLQJWRFRPSDUHWKHDFWXDOVSHHGZLWKWKHGHVLUHG
RQHZKLFKFOHDUO\ LQGLFDWHV WKH LQHUWLDHIIHFWV WDNHQ LQWRDFFRXQW)LJESLFNV WKH WHPSHUDWXUHV LQ WZR
PRQLWRULQJSRLQWVDQGWKHIDQVSHHG)RUWKLVV\VWHPREYLRXVO\GXULQJDFFHOHUDWLRQRUEUHDNLQJPRGHWKH
FRRODQWWHPSHUDWXUHVDUHLQFUHDVLQJZKLFKLQWXUQLVFRPSHQVDWHGE\DQLQFUHDVHRIIDQVSHHG

D E
)LJ7\SLFDOVLPXODWLRQUHVXOWVIRUYHKLFOHDDQGVXEV\VWHPFRROLQJXQLWE
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6\VWHP6LPXODWLRQDQG2SWLPL]DWLRQ
:LWK WKH PRGHO GHVFULEHG D V\VWHP RSWLPL]DWLRQ LV FDUULHG RXW:H VHOHFW WKH WZR WDUJHW IXQFWLRQV
³HQHUJ\FRQVXPSWLRQ´DQG³HPLWWHGVRXQGSRZHU´,QJHQHUDOWKH\DUHIXQFWLRQVRI
x 3ULQFLSDOV\VWHPOD\RXW7KHUPDOFRXSOLQJGHFRXSOLQJRIWKHZDWHURLOFLUFXLWV
FRXSOLQJGHFRXSOLQJRIZDWHUSXPSIURPGULYHWUDLQHWF
x &RQWUROVWUDWHJLHVW\SHRIFRQWUROOHULQWHJUDWLRQRIDPELHQWWHPSHUDWXUHVHQVRUHWF
x 6L]HDQGQXPEHURIKHDWH[FKDQJHUVIDQVDQGIXUWKHUJHRPHWULFDOGHWDLOVRIWKHFRROLQJXQLW
x 2SHUDWLQJF\FOH
x $PELHQWFRQGLWLRQV
%\YDU\LQJ WKHJHQHUDO OD\RXWRI WKHFRROLQJXQLW WKHQXPEHURIGHJUHHVRI IUHHGRPDQG WKHLUSRVVLEOH
FRPELQDWLRQVEHFRPHVKXJH7KHUHIRUHZLWKLQ WKHSUHVHQWVWXG\ZHNHHS WKHRSHUDWLQJF\FOHFRQVWDQW
7KHORFRPRWLYHSDUDPHWHUVDUHEDVHGRQDW\SLFDOYHKLFOHGHVLJQWKHWUDLQHQYLURQPHQWVLVPRUHRUOHVV
UHDOLVWLF7KHDPELHQWWHPSHUDWXUHFDQEHFKDQJHGWRFKHFNDQGRSWLPL]HWKHV\VWHPIRUGLIIHUHQWDPELHQW
FRQGLWLRQV ,Q GLIIHUHQW RSWLPL]DWLRQV VWHSV YDULRXV RSWLPL]DWLRQ SDUDPHWHUV DUH YDULHG PDQXDO DQG
DXWRPDWHG7KHGLIILFXOW\WKDWERWKWDUJHWIXQFWLRQVYDU\ZLWKWLPHGXULQJWKHRSHUDWLQJF\FOH)LJ LV
RYHUFRPH E\ GHILQLQJ WLPHDYHUDJHG YDOXHV DV WDUJHW IXQFWLRQV KHUH WKH HTXLYDOHQW VRXQG SRZHU
OHYHO>@
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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DQGWKHK\GURVWDWLFRXWSXWSRZHU
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7
&6DY&6 GWW373 

  
+HQFHWKHWDUJHWIXQFWLRQVDUH³HQHUJ\FRQVXPSWLRQ´DQG³HPLWWHGVRXQGSRZHU´SHURSHUDWLQJF\FOH
VWDUWLQJDWW VDQGILQLVKLQJDW7)LJSUHVHQWVWKHJHQHUDORSWLPL]DWLRQVFKHPH
)LJ,QSXWRIWKHWDUJHWIXQFWLRQV+\GURVWDWLFSRZHUDQGVRXQGSRZHUOHYHO
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PLQLPDOQRLVHHPLVVLRQ

PLQLPDOHQHUJ\FRQVXPSWLRQ
V\VWHPVLPXODWLRQSDUDPHWHU
YDULDWLRQ
WDUJHWIXQFWLRQ
UXQQRS
DU
DP
HWH
U$
SD
UD
PH
WHU
%
UXQQR UXQQR
PL
QLP
L]H
G
WDU
JH
WI
XQ
FWL
RQ
$XWRPDWHGRSWLPL]DWLRQSURFHVV
YDU\WKHV\VWHPSDUDPHWHUVLQRUGHUWRPLQLPL]HWKHWDUJHWIXQFWLRQ
 YHKLFOHWUDFNPRGHO
 FRROLQJXQLWPRGHO
 IDQPRGHO
)LJ2SWLPL]DWLRQSURFHVVRIWKHFRPSOHWHV\VWHP

$V D UHVXOW WKH SHUIRUPDQFH RI WKH RSWLPL]HG FRROLQJ XQLW IRU WKH RSHUDWLRQ F\FOH LQYHVWLJDWHG LV
VXSHULRU DV FRPSDUHG WR WKH RULJLQDO V\VWHP 'HSHQGLQJ RQ WKH DPELHQW WHPSHUDWXUH D VLJQLILFDQW
UHGXFWLRQRI HQHUJ\ DQG QRLVH HPLVVLRQ FDQEH DFKLHYHG7KHPLQLPDO QRLVH HPLVVLRQ FDQEHREWDLQHG
ZLWK WKHPRGLILHG FRQWURO VWUDWHJ\ LQ RUGHU WR UHGXFH WKH G\QDPLF IDQ VSHHG )LJ E7RJHWKHUZLWK D
EDODQFLQJPHFKDQLVPEHWZHHQWKHGLIIHUHQWFLUFXLWVLQWKHFRROLQJXQLWWKHZRUNLQJORDGRIERWKFLUFXLWV
FDQEHPDWFKHGRQWKHVDPHOHYHODQGWKHHQHUJ\FRQVXPSWLRQFDQEHUHGXFHG)LJD7KHLQIOXHQFHRI
RWKHUV\VWHPPRGLILFDWLRQVLVLQVLJQLILFDQWRUWHFKQLFDOO\HFRQRPLFDOO\QRWIHDVLEOH

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DPELHQWWHPSHUDWXUH
)LJ3HUIRUPDQFHRIWKHRSWLPL]HGFRROLQJV\VWHPDHQHUJ\VDYLQJEVRXQGSRZHUUHGXFWLRQ

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&RQFOXVLRQVDQG2XWORRN
$ GHWDLOHG DFRXVWLF DQG HQHUJ\ DQDO\VLV RI D FRROLQJ V\VWHP IRU ORFRPRWLYHV XQGHU UHDOLVWLF WUDLQ
HQYLURQPHQWVLVFDUULHGRXWXVLQJDPXOWLGRPDLQV\VWHPPRGHOLQJDQGVLPXODWLRQ6LQFHWKHVXEPRGHOV
DUH UHODWLYHO\ VLPSOH DQGQXPHULFDOO\YHU\ FRVWHIILFLHQW HJ LQ FRQWUDVW WRKLJK ILGHOLW\'QXPHULFDO
IORZVLPXODWLRQPHWKRGVDQLQWHJUDWLRQLQDQRSWLPL]DWLRQPHWKRGLVHDV\DQG\LHOGVLQQRYDWLYHUHVXOWV
7KHUHVXOWVVRIDUDFKLHYHGDQGGHVFULEHGLQWKHSDSHUVKRZWKHSRWHQWLDORIGLIIHUHQWFRPSRQHQWGHVLJQV
WKDWDOORZIRUDGHFUHDVHRIHQHUJ\FRQVXPSWLRQDQGVRXQGSRZHUOHYHORIWKHFRROLQJXQLWLQLQWHUDFWLRQ
ZLWKWKHYHKLFOHXQGHUUHDOLVWLFRSHUDWLRQ
)XWXUHZRUNVZLOOGHDOZLWKDFRPSDULVRQRIWKHVLPXODWLRQUHVXOWVZLWKPRFNXSDQGIXOOVFDOHWHVWVRQ
WKH ORFRPRWLYH$ IDLU DFRXVWLFHYDOXDWLRQRI WKHFRPSOHWH ORFRPRWLYHPD\ UHTXLUHDQH[WHQVLRQRI WKH
PRGHOE\WKHDGGLWLRQRIRWKHUQRLVHVRXUFHVIURPWKHSRZHUWUDLQDQGWKHYHKLFOH>@
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